Editor's key points † Acute postoperative pain is intrinsically heterogenous. † This review examined the type of surgery as one of the sources of heterogeneity in meta-analyses of treatment of acute postoperative pain. † Not all meta-analyses addressed heterogeneity resulting from the type of surgery adequately. † For better clinical implications, any meta-analysis of acute postoperative pain should address heterogeneity resulting from the type of surgery.
In this review, we aimed to assess how heterogeneity (and especially heterogeneity associated with the type of surgery) was assessed and taken into account in meta-analysis of randomized or quasi-randomized controlled trials evaluating the efficacy of treatment of acute postoperative pain. We further aimed to compare meta-analyses that pooled trials involving surgeries with highly heterogeneous postoperative pain levels to meta-analyses that pooled trials involving surgeries with homogeneous pain levels.
Methods
The definitions of the concepts of interest (heterogeneity and clinical heterogeneity) and statistical and graphical tools (Cochran Q test, I
2 , and L'Abbé, Galbraith, Baujat, and Forest plot graphical representations) are from the Cochrane Handbook or original literature and are described in the Supplementary material, Appendix S1.
Data sources and searches
We searched for reports of meta-analyses in Issue 3, 2011 of the electronic database of the Cochrane Library Database of Systematic Reviews (CDSR) and the Database of Abstracts of Reviews of Effects (DARE). Meta-analyses had to pool results of randomized or quasi-randomized controlled trials, assess the efficacy of drug or non-drug treatment for acute postoperative pain alone, and be written in English or French.
For the CDSR, we first searched for meta-analyses included in Cochrane reviews grouping anaesthesia, or pain, palliative, and supportive care, then meta-analyses under the topic 'Anesthesia and Pain Control' and with the keywords 'anesthesia', 'acute pain', or 'pain control'. For the DARE, we used the keywords 'acute pain', 'pain control', or 'anesthesia'. For 'pain control', we used the limits 'no chronic pain, no low back pain, no cancer-related pain'. One reviewer (F.E.) manually screened all titles and abstracts, and obtained the full text for reports of potentially relevant meta-analyses, which were selected after reading the title, the abstract and, if necessary, the full text.
Data extraction and quality assessment
A pre-tested standard data extraction form was used to collect relevant information. Meta-analysis was assessed in a random order, and data were extracted by one of us (F.E.) from the full text and from appendices or any other materials available online.
Data extraction
We collected data on the general characteristics of each meta-analysis: date of publication, Cochrane or non-Cochrane review, and types of trials included (randomized or quasirandomized). The methodological quality of meta-analysis was assessed by the AMSTAR tool. 7 Data on the types of evaluated interventions (drug or non-drug treatment), number of included trials, number of included subjects, number and types of endpoints used (patientreported outcomes, physician-assessed outcome, or other), description of endpoints, and types of surgeries (names of the surgical procedures) were collected.
The following data on heterogeneity were collected: whether heterogeneity was assessed for the primary endpoints and which tools were used; whether a random-effects or fixed-effects statistical model was used; whether clinical heterogeneity was discussed, which type of clinical heterogeneity was discussed (patient, intervention, co-intervention, outcome, or other related clinical heterogeneity) and in which section it was discussed; whether the type of surgery was discussed as a patient-related clinical heterogeneity; whether subgroup analyses were performed and, if so, whether the type of surgery was used to define subgroups; whether a subgroup analysis was performed by drug dose, independent of the type of surgery; whether subgroup analyses were pre-specified or not; whether a sensitivity analysis was prespecified, whether this sensitivity analysis was performed; whether a 'subgroup' type or a 'leave-one-out' type of analysis was conducted and whether a meta-regression analysis was performed and whether it was pre-specified.
Heterogeneity of surgical-procedure pain level, as assessed by experts
To our knowledge, international consensus is lacking on rating surgical-procedure pain level. Therefore, we asked an expert panel to rate the pain level for all surgical procedures identified for this review. We then distinguished two groups of meta-analyses: (i) those that pooled trials with heterogeneous surgical-procedure pain levels (heterogeneous group); and (ii) those that pooled trials with homogeneous surgicalprocedure pain levels (homogeneous group). The detailed method is discussed subsequently.
Surgical-procedure pain level rating
We listed the different types of surgeries from the selected meta-analyses. Then five postoperative analgesia experts were asked to independently rate the postoperative pain level for each procedure. The experts were experienced anaesthesiologists (with 3, 16, 20, 30, and 37 yr, respectively, of experience). They used a continuous scale from 0 (no pain) to 10 (maximal pain). If they did not have any knowledge about the postoperative pain level for a surgery, their response was 'x'. If they were not able to evaluate a surgery (i.e. the type of surgery was not sufficiently specified), the response was 'not applicable'. The responses were averaged with at least three responses among the five experts and if no more than one expert gave a response of 'not applicable'. Thus a pain level rating for surgical procedures was obtained.
Meta-analyses heterogeneity in surgical-procedure pain level Heterogeneity in surgical-procedure pain level was quantified as a standard deviation (SD). For each selected meta-analysis, the SD of the surgical-procedure pain level rating was calculated, discarding trials without a rating for surgical-procedure pain level. If .10% of the trials included in a meta-analysis had no surgical-procedure pain level rating, the SD for postoperative pain level was not calculated. Of note, the SD quantifies heterogeneity of the trials pooled in a meta-analysis with regard to the pain level of the associated surgeries but does not express whether surgeries are associated with low or high pain level. As an example, the SD would be 0.54 for a meta-analysis that pooled five trials with surgical-procedure pain levels assessed as 6, 6, 7, 7 and 7 and 0.58 for a meta-analysis that pooled three trials with surgical-procedure pain level of 2, 2, and 3.
Division of meta-analysis according to heterogeneity of surgical-procedure pain level
The distribution of SDs was assessed for defining a cut-off SD to define two subgroups: the heterogeneous group and the homogeneous group.
Statistical analysis
Data were analysed by the use of R v2.12.1 (http://www.R-project. org, the R Foundation for Statistical Computing, Vienna, Austria).
Data are presented as number and percentages or median (inter-quartile range [IQR] ) without statistical test, because of no random selection of meta-analysis. 8 
Results

General characteristics of selected meta-analyses
Among the 805 meta-analyses retrieved from the CDSR and DARE (285 Cochrane and 520 non-Cochrane meta-analyses), we selected 61 for analysis (Fig. 1) . Characteristics of the included meta-analyses are given in Table 1 . In total, 29 meta-analyses (47%) were Cochrane reviews. Almost all meta-analysis (n¼60) evaluated drug treatments. 
Methodological quality of included meta-analyses
The methodological quality of included meta-analyses was good, except for the assessment of publication bias and conflict of interest statements (Table 2) . Quality was poor for the appropriateness of the methods used to combine the findings of studies, as we describe here. In general, the methodological quality was better for Cochrane than non-Cochrane meta-analyses.
Assessment, reporting, discussion, and management of heterogeneity
Heterogeneity was assessed in all meta-analysis. The L'Abbé graphical representation was widely used (57%) to detect heterogeneity, and the Forest plot, Q Cochran test, the I 2 calculation, or all were used in less than one-quarter of meta-analyses (Table 3) . Most meta-analyses involved use of a fixed-effects model to combine findings and ,20% involved use of a random-effects model. Among the 13 meta-analysis reports describing the I 2 statistic, in only 7 (54%) did authors follow the Cochrane recommendations to use, or not use, a random-effects model to account for heterogeneity. Among the 10 meta-analyses (77%) showing heterogeneity (I 2 statistic .30%), in only 5 (50%) did authors perform a sensitivity analysis, and none performed a meta-regression analysis. All meta-analyses reports discussed heterogeneity, and most (44; 72%) discussed clinical heterogeneity related to the patient. All of these specifically described surgical procedure as clinical heterogeneity related to the patient. In this case, the comparison of 'postoperative dental pain model' vs 'other types of surgeries pain model' was used in 29 meta-analyses (66%), whatever the nature of the 'other types of surgeries'.
More than 90% of the reports described subgroup analysis. In half of these, the subgroup analysis was of surgery type. Among these subgroup analyses, 23 (38%) were planned as sensitivity analyses. Only 7% of all meta-analyses involved meta-regression analysis; the type of surgery was never a variable in the regression.
Most of the Cochrane meta-analyses involved use of a fixedeffects model to combine data. Cochrane and non-Cochrane meta-analysis equally involved use of subgroup analyses, but Cochrane meta-analyses more often involved use of subgroup analyses to explore clinical heterogeneity related to postoperative pain level by the type of surgery. The type of surgery was more often studied as a source of clinical heterogeneity in Cochrane than non-Cochrane meta-analyses.
Homogeneous and heterogeneous meta-analysis of surgical-procedure pain level
We identified 108 distinct types of surgeries in the reports. The mean number of surgeries assessed by experts was 90 (84%). The median pain level was 5.8 (IQR 4.6-6.6).
The SD of surgical-procedure pain level ratings could be calculated for 44 (72%) reports. For 10, at least one of the trials was excluded because of no pain level rating for the studied surgery. The distribution of SDs for surgical-procedure pain level frequency was bimodal, so we could set a cut-off SD of 0.75 (Fig. 2) , for 20 meta-analyses with homogeneous surgicalprocedure pain levels (homogeneous group) and 24 with heterogeneous surgical-procedure pain levels (heterogeneous Table 1 Characteristics of included meta-analyses
Characteristic
All meta-analyses, n561
Cochrane meta-analyses, n529
Non-Cochrane meta-analyses, n532 
Continued
Heterogeneity in meta-analysis Table 3 Heterogeneity assessment, reporting, discussion, and management in meta-analyses. *Non-exclusive response
All meta-analyses, n (%) (N561)
Cochrane meta-analyses, n (%) (N529)
Non-Cochrane meta-analyses, n (%) (N532)
Heterogeneity assessment
Tool used for heterogeneity assessment* Comparisons between the heterogeneous and homogeneous groups of meta-analyses are given in Table 4 . The heterogeneous group included more trials and more types of surgeries, on average, than the homogeneous group. The homogeneous group contained mostly Cochrane meta-analyses, whereas the heterogeneous group contained mostly non-Cochrane meta-analyses. Surprisingly, the fixedeffects model was more often used to combine data in the homogeneous group than heterogeneous group (70% vs 46%). The homogeneous group more often exhibited subgroup analysis than did the heterogeneous group to explore clinical heterogeneity related to postoperative pain level induced by the type of surgery, and the type of surgery was more often discussed as the cause of clinical heterogeneity (Table 5) .
Discussion
This review assessed how meta-analyses from the CDSR and DARE deal with heterogeneity when analysing treatment of acute postoperative pain. Heterogeneity was indeed assessed in all meta-analyses, but clinical heterogeneity induced by variation in acute postoperative pain level by different surgeries was under-considered, particularly when this type of heterogeneity is barely present. Indeed, this latter clinical heterogeneity was discussed in 72% of the meta-analyses we evaluated, but in only 62.5% of those allocated to the heterogeneous group.
Clinical heterogeneity was described for all included metaanalyses, which underlines the importance given to it. The type of surgery was described as clinical heterogeneity for 72% of the included meta-analyses, but less than half reported subgroup analyses with the subgroup defined as the type of surgery. Surprisingly, this percentage was only 38% for meta-analyses considered to pool 'heterogeneous' types of surgeries. The 'postoperative dental acute-pain model' was the main subgroup used to explore heterogeneity related to the type of surgery and was classically compared with 'other types of surgeries'. This raises a concern, because when comparing these two groups, the only conclusion that can be drawn is that this treatment is more, less, or equally as effective in dental surgery as in other surgeries, when the real question is: is this treatment effective in all postoperative situations, whatever the level of acute postoperative pain?
Moore and colleagues performed 66% of the meta-analyses assessed (60% of Cochrane and 40% of non-Cochrane metaanalyses), which obviously affects the results of our study. Indeed, Gavaghan and colleagues 10 criticized the efficacy of statistical tests to detect heterogeneity. Consequently, the authors did not perform many statistical tests for homogeneity. They proposed to use graphical representation, such as the L'Abbé plot, 11 to help detect heterogeneity 12 in terms of the following definition of clinical homogeneity: 'all trials included in a meta-analysis [that] have fixed and clearly defined inclusion criteria and fixed and clearly defined outcomes or outcomes measures'. 10 In their meta-analysis with no heterogeneity, the authors performed a fixed-effects analysis; otherwise, they did not combine data. Of the metaanalyses evaluated by Moore and colleagues, 80% described clinical heterogeneity induced by variation in acute postoperative pain level by different surgeries when compared with 57% of the other meta-analyses. Mixing different surgeries in a meta-analysis presents some problems because it does not follow daily treatment of acute postoperative pain. Indeed, the expected pain related to the performed surgery guides the prescription of analgesic treatment. Consequently, the techniques and drugs used for pain relief are not the same for treating pain after thoracic surgery or appendectomy, for example. Thus, combining studies evaluating the same drug under different situations is not relevant. 13 Moreover, the conclusions of meta-analysis are not accurate enough to fully guide us in daily prescriptions. Thus, among the nine Cochrane meta-analyses included in the heterogeneous group, four compared a 'dental postoperative pain model' with 'other surgical pain model', and no 'other surgical pain model' subgroups were considered. Finally, only one report for these four meta-analyses discussed the subgroup results in the implications for practice section.
Our study has several limitations. First, we focused on meta-analyses in the electronic Cochrane database, which implies selection bias. However, this choice of selecting high-quality meta-analyses 14 -16 may positively bias our results. Secondly, the methodology used by Moore and colleagues strongly influenced our conclusions. Thirdly, we used a small number of experts (n¼5) to rate the pain levels of surgical procedures. Because no tool was available, we created this tool for our needs. This rating was exploratory, was not validated, and should not be considered a validated scoring system. We have four recommendations to improve the usefulness of results of meta-analyses investigating the efficacy of treatment of acute postoperative pain: (i) meta-analyses should respect the pre-existing guidelines for treating heterogeneity (PRISMA, 17 Cochrane Handbook). 3 (ii) Ideally, a meta-analysis should include only trials evaluating acute postoperative pain levels for the same surgery or for surgeries with close acute postoperative pain levels to avoid the clinical heterogeneity induced by a large range of acute postoperative pain. (iii) Subgroup analysis should be performed if the included trials have a large range of acute postoperative pain. Indeed, subgroup analysis is a usual method for exploring heterogeneity. After a global analysis of the data, subgroup analysis allows for reassessing the treatment effect in the chosen subgroups to reveal differences between subgroups. For assessing pain, the subgroups should combine surgeries with close postoperative pain levels to reveal differences in acute postoperative pain treatment between different levels of acute postoperative pain. Moreover, the subgroup comparison of 'postoperative dental pain' vs 'other kinds of surgeries' should be avoided because the conclusion gives only restricted practical information about postoperative dental pain. (iv) If one type of surgery is predominant in a meta-analysis, the conclusions should be formulated for this type of surgery and not for all types of surgeries. Indeed, a predominant type of surgery can greatly influence the results of a meta-analysis, which would lead to erroneous conclusions that a treatment is active in all types of surgeries included in a meta-analysis when the treatment is active only in the predominant type of surgery. Doing so would prevent mixing 'apples and oranges' 18 and would offer better transposition into clinical practice.
Supplementary material
Supplementary material is available at British Journal of Anaesthesia online.
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